Facial reanimation can be performed in a single stage or two-staged procedure using free functional muscle transfer [1] . In a one stage procedure the muscle is harvested and transported to the affected side of the face. At this stage a single neurorrhaphy is performed between the nerve from the muscle pedicle to a branch of a functioning cranial nerve, usually the masseteric branch of the trigeminal nerve or to a branch of the hypoglossal nerve [2] ; this results in a voluntary smile upon biting (masseteric branch) or swallowing (hypoglossal nerve) and is reliant on brain plasticity. Alternatively, a one stage procedure can be performed by harvesting a muscle with a long neurovascular pedicle and performing a neurorrhaphy to a very distal branch of the contra-lateral functioning facial nerve; commonly the bulkier muscles of latissimus dorsi and gracilis are used with the possibility of creating a more noticeable incision around the contralateral naso-labial fold or parotid area [3] .
Introduction
The gold-standard for facial reanimation in facial palsy involves a first stage crossed facial nerve graft and a second stage free muscle flap transfer, with a single neurorrhaphy of the muscle flap nerve to the nerve graft. The timing of the second stage is usually 6 months after the first stage, which is undertaken once there is a positive Tinnel's sign. We present new technique for situations where there is either a significant delay between the first and second stages or if there is a question over the viability of a nerve graft. To maximise the chances of success a latissimus dorsi free flap was used, where the medial branch of the thoracodorsal nerve was joined to the cross facial nerve graft and the lateral branch was 'super-innervated' by the nerve to masseter. Although both these techniques have been described, to our knowledge they have not been used previously in the same patient.
The three most common choices of muscle for the second stage free transfer are pectoralis minor, gracilis and latissimus dorsi. Each muscle has its advantages and disadvantages which are based around bulkiness of the flap, pedicle length and donor site morbidity. The preferred choice in our unit is to harvest pectoralis minor [1, 5] . This provides a good size match, excellent vector and minimal functional deficit at the expense of a shorter pedicle length. Both the latissimus dorsi and gracilis offer longer neurovascular pedicles but may lead to bulkier flaps, however the latissimus dorsi offers the additional benefit of being segmentally innervated allowing sections of the muscle to be used in isolation [6] .
There are many challenges which can cause problems for a facial palsy surgeon. Previous facial surgery can result in scarring and the exact understanding of what anatomy is available is troublesome. In the paediatric population, co-existing developmental anomalies can also lead to unpredictable anatomy. In congenital patients, facial palsy is normally only one part of an extensive syndrome and co-morbidities and the timing of other surgery plays a role in planning a facial reanimation procedure.
A patient presented to our unit with a right-sided facial palsy as a result of a congenital Charge syndrome. Charge association was first described in 1981 by Pagon [7] and Blake [8] proposed that at least either four major features or three major and three minor features must be present, these are summarised in Table 1 .
The patient underwent the first stage of facial reanimation using a sural cross-facial nerve graft at age 11 years. Due to recurrent chest infections the second stage was repeatedly delayed until 3 years after the first stage. The Tinel's sign, which had become positive, had been lost. Although no time limit has been proposed for the maximum delay after which the crossed facial nerve graft (CFNG) becomes unusable, the lack of neurotrophic stimuli resulting from an open-ended nerve graft is likely to cause axonal degeneration [9] . This will increase with time and a four-year period is generally deemed to be the maximum. To increase the chances of success a latissimus dorsi free flap was used as the thoracodorsal nerve can be separated into medial and lateral branches: the medial branch was coapted to the CFNG and the lateral branch was 'super-innervated' by the nerve to the masseter muscle (Figure 1 and 2) . Masseteric nerve innervation has recently become popular as a primary nerve source for unilateral facial palsy [10] however, questions regarding brain plasticity remain unresolved. The utilisation of a CFNG to supply axonal reinnervation of a FFMT in a two-stage procedure is well established. Similarly, the use of the masseteric nerve as a donor for FFMT in one-stage procedures is commonplace. To our knowledge these two techniques have not been combined at the same operation to supply a FFMT. This is a novel strategy to protect the transferred muscle against end-plate degeneration and to provide a spontaneous smile. The blood supply of the latissimus dorsi muscle is via the thoracodorsal artery, a branch of the circumflex scapular artery, and its nerve supply is via the thoracodorsal nerve. The nerve divides proximal to the artery and the branches have been shown to diverge separately [12] . During the surgery the lastissimus dorsi was raised through an axillary incision. The thoracodorsal nerve was identified, running with the thoracodorsal artery and the medial and lateral branches of the nerve were identified with the lateral branch being divided from the main nerve. Both the lateral and medial branches were independently stimulated intraoperatively and contraction of the entire muscle bulk by each branch was demonstrated. Two end-to-end neurorrhaphies were performed, one between the medial branch and the CFNG and the lateral branch to the masseteric branch of the trigeminal nerve. This resulted in a spontaneous smile via the CFNG (CN VII) with re-inforcement and voluntary contraction via the masseteric branch (CN V) (Figure 3) . Initially distinguishing the contribution of individual nerves supplying the FFMT was difficult and it appeared that the masseteric innervation of the FFMT began to appear at 3-months and the facial nerve via the CFNG at 8-months. Two-years postoperatively the patient could produce a bilateral smile or a unilateral smile of the FFMT.
Minor Criteria Major Criteria
In this case the latissimus dorsi was chosen for the greater pedicle length and due to the thoracodorsal nerve dividing into two branches to supply the muscle [11] . Due to the delay in timing of surgery as a consequence of the patient's comorbidities and also the fact there was no positive Tinel's sign, it was uncertain as to whether the CFNG was functioning. A plan was made to perform an additional neurorrhaphy to the masseteric branch of the trigeminal nerve (CN V); this would require a longer pedicle than pectoralis minor can offer, and the muscle has only one nerve branch supplying it. The concept of 'supercharging' a free flap is well described [13] . This involves the anastomosis of two arteries in order to improve blood supply to a flap. To our knowledge, the concept of performing two end-to-end neurorrhaphies as a 'super-innervation' of a single free muscle flap has not yet been described. This novel technique may be useful in cases where the chance of the muscle flap reinnervation needs to be maximized, in this case indicated by the loss of the positive Tinel's sign. Watanabe and colleagues have described a dual innervation of a free latissimus dorsi muscle transfer for facial reanimation [14] . However they did not perform a second neurorrhaphy and the reinnervation relied on neurotization through the proximity to the masseteric muscle, which may be unreliable. Yamamoto and colleagues introduced the concept of supercharging the nerve supply in facial palsy using an end-toside technique [15] , however, end-to-end anastomosis provides maximal axonal regeneration [16] . We propose that in the present case the CFNG is being supplemented by the masseteric nerve resulting in the ability to smile spontaneously being reinforced by voluntary muscle contraction via the trigeminal branch. This serves as a useful new surgical application of the latissimus dorsi muscle and may play a role in reducing end-plate degeneration of the muscle whilst being reinnervated by the CFNG.
